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TOTAL HIP REPLACEMENTS are performed in
approximately 120,000 individuals in the United States
each year.1 Approximately 10% of these prostheses will
need to be modified after 10 years due to loosening.2
Pain from aseptic loosening is often difficult to differen-
tiate from pain associated with prosthetic hip infection,
a devastating complication ranging in incidence from
0.06% to 0.69%.3 The most common isolates from pre-
sumptively infected hip prostheses are coagulase-nega-
tive staphylococci.14'5 Unfortunately, it is difficult to
interpret a positive culture with single or even multiple
coagulase-negative staphylococci isolates from a pros-
thetic hip aspirate or surgical specimen because the pres-
ence of coagulase-negative staphylococci, a normal
human skin commensal, may represent contamination
and not necessarily infection.

The clinical presentation of prosthetic joint infection
is highly variable, ranging from acute septic arthritis
with toxic systemic signs and symptoms to indolent
loosening of the prosthesis with chronic pain. Early
infection is most commonly acquired by contamination
during surgery; late infection usually is secondary to a
hematogenous spread to the prosthesis from a distant
source (such as intravascular line sepsis) or focus of an
infection.6 Late infections may also be due to coagulase-
negative staphylococci introduced at the time of surgery.
These coagulase-negative staphylococci survive by
forming a glycocalyx, or slime, on the implant surface,
and they result in clinical infection.79

(Perdreau-Remington F, Rank DR, Lopez FA, Goodmann
SB. Identifying multiple isolates through the comparison
of genomic DNAs in a patient with infected hip prosthe-
sis. West J Med 1998; 168:128-130)
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Coagulase-negative staphylococci-more specifical-
ly, S. epidermidis-are the most commonly isolated bac-
terial species from prosthetic hip aspirates or intraoper-
ative surgical specimens in patients with pain or loosen-
ing of the prosthesis. This is true for both hip aspiration
and revision surgical procedures.10'2

Many criteria have been used to improve the predic-
tive value of coagulase-negative staphylococci isolates
from a prosthetic hip as a cause of loosening, infection,
or both. No formula or method proposed has resulted in
better than approximately 70% sensitivity or specifici-
ty,13 and even percentages such as this are frequently dif-
ficult to substantiate with the data provided in papers
published on this subject. For example, in a 1994 study
designed by Steckelberg and Osmon,'3 four conditions
were determined that indicate the presence of prosthetic
hip infection. The sole microbiological condition was
two or more positive cultures from joint aspirates or
intraoperative cultures. Even this rather strict condition
did not establish a given isolate as the definitive cause of
infection because of its inability to establish clonality.

Since coagulase-negative staphylococci are low-vir-
ulence organisms that may represent contamination in
as many as 50% of operative specimens,14'15 more accu-
rate methods are needed to assist in interpreting the
clinical significance of these isolates. Recently we and
others16' 7 have promoted the use of molecular methods
to investigate the epidemiology and clinical signifi-
cance of these coagulase-negative staphylococci iso-
lates. We report the successful use of pulsed-field gel
electrophoresis of restricted genomic DNA to establish
the clonal identity of coagulase-negative staphylococci
isolates from the blood and hip of a patient with an
infected prosthesis.

Report of a Case
The patient, a 67-year old woman, underwent an

uncemented left total hip arthroplasty in 1985 after a
motor vehicle accident resulted in nonunion of a left
femoral neck fracture with associated osteonecrosis of
the left femoral head. Her postoperative course was
uncomplicated, and she temained well until 1994, when
she began experiencing left hip pain. A radiographic
evaluation showed changes consistent with loosening of
the hip prosthesis, but before revision surgery could be
performed, she began running a fever and experienced
an increased intensity of joint pain. Fluid obtained from
aspiration of her left hip contained 202,500 leukocytes
per microliter (90% granulocytes), and a Gram stain
showed many polymorphonuclear leukocytes and few
Gram-variable cocci. The erythrocyte sedimentation rate
was elevated to 37 mm per hour. Cultures of the patient's
blood and joint fluid grew Staphylococcus epidermidis.
On removal of the infected left hip prosthesis, a Gram-
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Figure 1.-Pulsed-field gel electrophoresis of chromosomal
DNA of S. epidermidis isolates from two blood cultures, pre-

operative aspirate, and intraoperative femur and acetabulum
cultures, after digestion with Sma (lanes 2-6). Lane 1 shows
Lambda concatemers.

stained smear of purulent discharge from the patient's
hip joint showed Gram-positive cocci with subsequent
growth of Staphylococcus epidermidis in culture. A
histopathologic examination of the soft tissue and bone
showed inflammation consistent with an abscess and no

evidence of acute or chronic osteomyelitis.
Antibiotic therapy was begun and initially consisted

of intravenous cefazolin and gentamicin. Later, it was
modified to cefazolin alone, and the patient was

afebrile by postoperative day 5. No evidence of endo-
carditis was discernible through transesophageal
echocardiography or a physical examination. After six
weeks of intravenous antibiotic therapy, follow-up
evaluation of a fluid aspirate from her left hip showed
the presence of only 472 leukocytes per microliter and
few polymorphonuclear leukocytes; a Gram stain
showed no bacteria, and there was no growth in cul-
ture. Three months after the removal of the prosthetic
hip, a resection arthroplasty was performed, at which
time no intraoperative or microbiologic evidence of
infection was seen.

The coagulase-negative staphylococci isolates from
the blood cultures, the pre-operative hip aspirate, and the
three intraoperative specimens were identified as

Staphylococcus epidermidis. All six isolates were sus-

ceptible to penicillin, oxacillin (methicillin-susceptible),
clindamycin, erythromycin, trimethoprim/sulfamethox-
azole, tetracycline, ciprofloxacin, and vancomycin. An
analysis of the genomic DNA of 5 of the 6 isolates (one
isolate was lost) using pulsed-field gel electrophoresis
revealed identical fingerprints. Restriction digestion
with the enzyme Sma I generated DNA products in the
range of 50 kb to 550 kb; the enzyme Ksp I generated
products in the range of 10 kb to 250 kb after restriction

digestion. The chromosomal restriction pattern obtained
after Sma I digestion is shown in Figure 1.

Discussion
In a patient with pain at the site of a hip prosthesis but

without clinical or laboratory signs suggestive of infec-
tion, the isolation of coagulase-negative staphylococci
from one or more hip aspirate is frequently used to jus-
tify surgical intervention for presumed infection. In our
experience, a consultation with the infectious diseases
department is often requested to assist in evaluating the
significance of such isolates because obvious purulence
is not usually present. The decision to start treatment
becomes critical because of the intensive and relatively
long-term intravenous antibiotic treatment that is begun
and often believed to be the safest course of action in
these cases.

Treatment involves prolonged hospitalization, high
costs, increased risk of toxicity, and inconvenience to
the patient. In the absence of gross and histologic evi-
dence of acute infection, it is problematic to conclude
that multiple isolates from hip aspiration or from surgi-
cal sites are the cause of prosthetic hip loosening and
infection. Identifying the multiple isolates from the
same clonal lineage, however, would help justify such a
conclusion. If isolates of coagulase-negative staphylo-
cocci from different sites and at different times can be
shown to be identical through genetic fingerprinting (as
in the case presented here), then strong evidence exists
for their etiological role in prosthetic hip loosening.

Several attempts have been made to use typing meth-
ods to evaluate the role of coagulase-negative staphylo-
cocci isolated from loose prosthetic hips at the time of
revision surgery. These methods include antibiotic sus-
ceptibility patterns, sodium dodecyl sulphate-polyacry-
lamide gel electrophoresis (SDS-PAGE) of extracellular
products, plasmid analysis, and ribotyping. Each of
these methods is subject to problems with interpretation
and accuracy. Therefore, as one study illustrates,'"
antibiotic sensitivity profiles should be interpreted with
caution when used to determine clonal identity. When
used for molecular typing, SDS-PAGE is cumbersome,
and protein profile reproducibility may be altered by the
proteolytic activity of the strain.
A recent report focused on plasmid analysis, which

has long been documented to not always be reliable as a
marker for strain identification because isolates can
rapidly exchange plasmids or acquire new ones.'8 In
another case," a single ribotype of S. epidermidis (type
I) accounted for approximately half of all S. epidermidis
cultures examined in a 29-month period; in one instance,
ribotyping helped to identify a predominant and persist-
ing ribotype of S. epidermidis. Ribotyping unfortunately
does not identify strains at the clonal level because it
detects highly conserved regions of ribosomal RNA.
Another study'9 shows that there are similarities
between ribotypes of different species; therefore,
intraspecific fragment pattern diversity can interfere
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with interspecific discrimination. This is an obvious lim-
itation of this method.
We were unable to identify a distant source for the

infection in our patient. We cannot rule out the possibil-
ity that her hip infection resulted from hematogenous
spread of the coagulase-negative staphylococci; howev-
er, it appears more likely that her infection originated
directly from her hip.

In contrast to the methods mentioned above, pulsed
field gel electrophoresis of genomic DNA is considered
the reference technique for strain characterization at the
genomic level. Applicable to all organisms that can be
grown in culture, pulsed-field gel electrophoresis is a use-
ful tool in determining categories of genetic and epidemi-
ological relatedness; this method is used extensively to
investigate outbreaks of infection as well as hospital envi-
ronmental contamination.20 Isolates are considered to be
identical if they have exactly the same electrophoretic pat-
tern and to be clonally related if they show a difference of
three or fewer bands between strains.21 In the case pre-
sented here, we have used pulsed-field gel electrophoresis
to document the clonal identity of five strains of coagu-
lase-negative staphylococci recovered from our patient at
different times and from different sites. We employed
genetic fingerprinting using restriction fragment length
polymorphism(RFLP) analysis to determine whether S.
epidermidis isolates were clonal in origin. Confirmation of
a single clone was illustrated by identical RFLPs follow-
ing pulsed field gel electrophoresis of restriction digests
with two enzymes, Sma I and KspI. Thus,RFLP analysis
appears to be useful in determining the significance of
coagulase-negative staphylococci from patients with pros-
thetic hip loosening associated with suspect infection.

The use of a molecular epidemiologic tool, pulsed-
field gel electrophoresis, to type the S. epidermidis iso-
lates from blood, pre- and intraoperative aspirates, and
bone from the femur and acetabulum of our patient con-
firmed that all S. epidermidisisolates wereidentical.
The etiology of the infection would appear to be more
certain in patients demonstrating the same clone in mul-
tiple specimens, but the dilemma of finding multiple
clones remains puzzling. The results of our investigation
support the clinical and laboratory observations that
these isolates were the etiology of the patient's hip infec-
tion and the likely cause of the loosening of her hip.
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END-STAGE LUNG DISEASE secondary to sarcoidosis is an
accepted indication of the need for lung transplantation.
Despite the apparent successful outcomes of lung trans-
plant patients, several case reports have emerged regard-
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